FORM PTO-1390 



U S EJEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFRCE 



(REV. 11-2000) 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



INTERNATIONAL APPLICATION NO. 
PCT/GBOO/03644 



INTERNATIONAL FILING DATE 
September 22, 2000 



ATTORNEY'S DOCKET NUMBER 
P/61834-PCT 



U S. APPLICATION NO (If known, see 37 CFR 1 5) 

10/08882? 



PRIORITY DATE CLAIMED 
September 23, 1999 



TITLE OF INVENTION A DROPLET GENERATOR FOR A CONTINUOUS STREAM INK JET PRINT HEAD 

APPLICANT(S) FOR DO/EO/US Sukbir Singh PANNU ^ 

Applicant herewith submits to the United States Designatedy^lected Office (DO/EO/US) the following items and other information: 

1. \x\ This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. Q This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371, 

3. [Xl This is an express request to begin national examination procedures (35 U.S.C. 371 (f)). The submission must include 
items (5), (6), (9) and (21) indicated below. 

4. □ The US has been elected by the expiration of 1 9 months from the priority date (Article 31). 

5. \x] Acopyofthelntemational Application as filed (35 U.S.C. 371(c)(2)) 

a. [x] is attached hereto (required only if not communicated by the International Bureau). 

b. |~| has been communicated by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 

6. Q An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)). 

a. is attached hereto. 

b. Q has been previously submitted under 35 U.S.C. 154(d)(4). 

7. [X] Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 37 1(c)(3)). 

a. Q are attached hereto (required only if not communicated by the International Bureau). 

b. Q have been communicated by the International Bureau. 

c. [X] have not been made; however, the time limit for making such amendments has NOT expired. 

d. have not been made and will not be made. 

8. Q An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. □ An oath or declaration oftheinventor(s) (35 U.S.C. 371(c)(4)). 

10. rn An English language translation of the annexes to the International Preliminary Examination Report under PCT 
Article 36 (35 U.S.C. 371(c)(5)). 

Items 11 to 20 below concern document(s) or information included: 

11. Q An Information Disclosure Statement under 37 CFR 1,97 and 1.98. 

12. □ An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 

13. [X] A FIRST preliminary amendment. 

14. Q A SECOND or SUBSEQUENT preliminary amendment. 

15. A substitute specification. 

16 CZI A change of power of attorney and/or address letter. 

17. □ A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.2 and 35 U.S.C. 1.821 - 1.825. 

18. Q A second copy of the published international application under 35 U.S.C. 154(d)(4). 

19. Q A second copy of the English language translation of the international application under 35 U.S.C. 154(d)(4). 

20. \X\ Other items or information: Receipt Acknowledgement Postcard 



page I of 2 



U.S. APPLICATION NO (if known, see 37 CFR 1 5V 



INTERNATIONAL APPLICATION NO 

PCT/GBOO/03644 



ATTORNEY'S DOCKET NUMBER 

P/61834-PCT 



21. I X I The following fees are submitted: 

BASIC NATIONAL FEE (37 CFR 1.492 (a) (1) - (5)) : 

Neither international preliminary examination fee (37 CFR 1.482) 

nor international search fee (37 CFR 1.445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1,040.00 

International preliminary examination fee (37 CFR 1.482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $890.00 

International preliminary examination fee (37 CFR 1.482) not paid to USPTO 

but international search fee (37 CFR 1 .445(a)(2)) paid to USPTO $740.00 

International preliminary examination fee (37 CFR 1.482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33( 1 )-(4) $7 1 0.00 

International preliminary examination fee (37 CFR 1 .482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



CALCULATIONS pto use only 



$890.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 
months from the earliest claimed priority date (37 CFR 1.492 (e)). 



□ 20 □ 30 



$0.00 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total claims 



9 -20 = 



$18.00 



$0.00 



Independent claims 



2 - 3 = 



$84.00 



$0.00 



MULTIPLE DEPENDENT CLAIM(S) (if applicable) 



+ $280.00 



$0.00 



TOTAL OF ABOVE CALCULATIONS = 



$890.00 



I I Applicant claims small entity status. See 37 CFR 1 .27. The fees indicated above 
are reduced by 1/2. 



$0.00 



SUBTOTAL = 



$890.00 



Processing fee of $130.00 for furnishing the English translation later than 
months from the earliest claimed priority date (37 CFR 1.492(f)). 



□ 20 □ 30 



$0.00 



TOTAL NATIONAL FEE = 



$890.00 



Fee for recording the enclosed assignment (37 CFR 1 .21 (h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1). $40.00 per property + 



$0.00 



TOTAL FEES ENCLOSED = 



$890.00 



Amount to be 
refunded: 



charged: 



a. I X I A check in the amount of $890.00 to cover the above fees is enclosed. 

b. I ^ I The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment to Deposit Account No. 1 1-1 145 . 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a peti 
1.137 (a) or (b)) must be filed and granted to restore the application to pending status. 
SEND ALL CORRESPONDENCE TO: 



o revive (37 CFR 



KIRSCHSTEIN, OTTINGER, ISRAEL & SCHIFFMILLER, P.C. 
489 Fifth Avenue 
New York, New York 10017 
(212) 697-3750 



/ hereby certify (hat this correspondence is being deposited with the U.S. 
Service as Express Mail No. EL 337 912 091 US in an envelope addressee 
Box: FCT, Commissioner of Patents and Trademarks, Washington, D. 
March 22, 2002 




SIGNATURE: 



Alan Israel 



NAME 
27,564 



(date) 



Alan Israel 




REGISTRATION NUMBER 



JCIORec'dPCT/FTO 2 2 MAR 



Docket-No.: P/61834i 



PATENTS 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



I hereby certify that this correspondence is being deposited witb 
the U S Postal Service as Express Mail No. EL 3^7^12 09! US 
in an envelope addressed to* Box PCT, Commi: 
and Trademarks, Washington, D.C., 20231, on^ 
March 22, 2002 



of Patents 



(date) 



International Application No.: 
International Filing Date : 
In re: Application of : 
Deposited : 
For : 




Alan i|rael 
Reg. Wo. 27.564 



PCT/GBOO/03644 
: September 22, 2000 
: Sukbir Singh PANNU 
: March 22, 2002 

: A DROPLET GENERATOR FOR A CONTINUOUS 
STREAM INK JET PRINT HEAD 

New York, New York 
March 22, 2002 

PRELIMINARY AMENDMENT 



BOX: PCT 

Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



Sir: 



Prior to calculation of the filing fee and before examination, kindly amend the 
above captioned application as follows: 



„i O O fcj '5? 33 aS: J" .s O y i'S O tir 



IN THE CLAIMS : 

Please cancel claims 1-9, without prejudice. 

Please add the new set of claims 10-18 set forth on the enclosed pages. 
IN THE ABSTRACT : 

Delete the "Abstract"on the PCT cover sheet and replace it with the "Abstract 
of the Disclosure" set forth on a separate sheet attached hereto. 

REMARKS 

An abstract has been provided on a separate sheet; and the claims have been 

amended to conform to U.S. practice. 

Wherefore, an early action on the merits is eamestly solicited. 

Respectfully submitted, 

KIRSCHSTEIN, OTTINGER, ISRAEL & SCHIFFMILLER, P.O. 
Attorneys for Applicant(s) 
489 Fifth Avenue 

New York, New York 1 00 1 7-6 1 05 
Tel: (212)697-3750 
Fax: (212)949-1690 




Alan Israel 
Registration No. 27,564 



-2- 



.1 O O 3 €s 53 7" ^.^ -O 'T C3 3 O TP 



ABSTRACT OF THE DISCLOSURE 

A droplet generator for a continuous stream ink jet print head includes an 
elongate cavity for containing the ink and nozzle orifices in a wall of the cavity for passing 
ink from the cavity to form jets. The nozzle orifices extend along the length of the cavity. 
An actuator is disposed on the opposite side of the cavity to the wall for vibrating the ink in 
the cavity such that each jet breaks up into ink droplets. In operation of the generator, a 
standing wave is present in the ink in the cavity. The cross-sectional area of the cavity varies 
along its length in a manner so as to tailor the form of the standing wave in the cavity such 
that each jet breaks up into the ink droplets at a respective predetermined distance firom the 
wall of the cavity. 
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PROPOSED NEW CLAIMS 

10. A droplet generator for a continuous stream ink jet print head, 

comprising: 

a) an elongate cavity for containing ink; 

b) nozzle orifices in a wall of the cavity for passing the ink from the 
cavity to form jets, said nozzle orifices extending along a length of the cavity; 

c) actuator means disposed on an opposite side of the cavity to said 
wall for vibrating the ink in the cavity such that each said jet breaks up into ink droplets, a 
standing wave being present in the ink in the cavity during operation of the generator; and 

d) said cavity having a cross-sectional area which varies along said 
length in a manner so as to tailor a form of said standing wave in the cavity such that each 
said jet breaks up into the ink droplets at a respective predetermined distance from said wall 
of the cavity. 

1 1 . The generator according to claim 1 0, wherein the form of said standing 
wave is tailored such that each said jet breaks up into the ink droplets at substantially the 
same predetermined distance from said wall of the cavity. 

12. The generator according to claiml 1, wherein the cross-sectional area 
of the cavity varies cyclically along said length between minimum and maximum values, said 
cross-sectional area having the minimum value whereat said standing wave has a region of 
low acoustic pressure at the nozzle orifices, said cross-sectional area having the maximum 
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value whereat said standing wave has a region of high acoustic pressure at the nozzle 
orifices, 

1 3 . The generator according to claim 1 2, wherein said cross-sectional area 
varies sinusoidally along said length. 

1 4 . The generator according to clakn 1 1 , wherein said cavity has a generally 

triangular cross-section. 

1 5 . The generator according to claim 1 1 , wherein said cavity has a generally 

rectangular cross-section. 

16. A method of operating a droplet generator for a continuous stream ink 

jet print head, comprising the steps of: 

a) containing ink in an elongate cavity having a length and a cross- 
sectional area; 

b) passing the ink from the cavity through nozzle orifices in a wall 
of the cavity to form jets, the orifices extending along the length of the cavity; 

c) vibrating the ink in the cavity such that each said jet breaks up 
into ink droplets, a standing wave being present in the ink in the cavity during operation of 
the generator; 

d) varying the cross-sectional area of the cavity along said length 
to tailor a form of the standing wave in the cavity such that each said jet breaks up into the 
ink droplets at a respective predetermined distance from said wall of the cavity; and 
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e) permitting parameters of the operation of the generator to stray 
such that the cavity operates over a range extending substantially all the way between two 
successive resonances along the length of the cavity. 

17. The method according to claim 16, wherein said parameters of the 
operation permitted to stray are ink composition and temperature. 

18. The method according to claim 16, wherein said cavity operates at 
substantially midway between the two successive resonances along the length of the cavity. 
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A Droplet Generator for a Continuous Stream Ink Jet Print Head 



This invention relates to a droplet generator for a continuous stream Inkjet print head. 
More particularly the invention relates to such a generator comprising: an elongate 

5 cavity for containing the ink; nozzle orifices in a wall of said cavity for passing ink from the 
cavity to form jets, said nozzle orifices extending along the length of said cavity; and actuator 
means disposed on the opposite side of said cavity to said wall for vibrating the ink in said 
cavity such that each said jet breaks up into ink droplets, in operation of said generator a 
standing wave being present in the ink in said cavity. 

10 An example of a generator as described in the preceding paragraph is disclosed in US- 

A-5,502,473. The generator of US-A-5,502,473 is designed to operate at, or very close to, a 
frequency at which its ink cavity is resonant in the vertical direction, i.e. from the actuator 
means to the nozzle orifices. This requires a very high accuracy in the physical dimensions of 
the structural components of the generator. It also permits very little stray in operating 

15 parameters of the generator such as ink composition and temperature. 

US-A-4,827,287 discloses a droplet generator for a continuous stream Inkjet print 
head. In this generator, in order to achieve the required jet break up, a travelling wave is 
caused to travel along an elongate nozzle orifice containing plate by means of the direct 
physical vibration of one end of the plate. The area of the plate free to vibrate is narrowed in 

20 the direction of wave propagation to compensate for attenuative losses. US-A-4,827,287 uses 
what is called a waveguided construction. 

According to the present invention there is provided a droplet generator for a 
continuous stream ink jet print head comprising: an elongate cavity for containing the ink; 
nozzle orifices in a wall of said cavity for passing ink from the cavity to form jets, said nozzle 
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orifices extending along the length of said cavity; and actuator means disposed on the opposite 
side of said cavity to said wall for vibrating the ink in said cavity such that each said jet breaks 
up into ink droplets, in operation of said generator a standing wave being present in the ink in 
said cavity, characterised in that the cross-sectional area of said cavity varies along its length 
5 in a manner so as to tailor the form of said standing wave in the cavity such that each said jet 
breaks up into ink droplets at a respective predetermined distance firom said wall of the cavity. 

Preferably, the tailoring of the form of said standing wave is such that each said jet 
breaks up into ink droplets at substantially the same predetermined distance from said wall of 
the cavity, 

1 0 Preferably, in the case of the preceding paragraph, the cross-sectional area of the cavity 

varies cyclically along its length between minimum and maximum values, said cross-sectional 
area having a minimum value whereat said standing wave has a region of low acoustic 
pressure at the nozzle orifices, said cross-sectional area having a maximum value whereat said 
standing wave has a region of high acoustic pressure at the nozzle orifices. The cyclical 

1 5 variation is for example sinusoidal. 

In the case of each of the preceding two paragraphs, the cavity suitably has a generally 
triangular or a generally rectangular cross-section. 

The invention also provides a method of operating a generator according to each of the 
preceding three paragraphs wherein the parameters of the operation of the generator are 

20 permitted to stray such that said cavity operates over a range extending substantially all the 
way between two successive resonances in the length of the cavity. Typically the parameters 
of the operation permitted to stray are ink composition and temperature. 

The invention further provides a method of operating a generator according to each of 
the aforementioned three paragraphs wherein the cavity operates at substantially midway 
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between two successive resonances in the length of the cavity. 

A droplet generator in accordance with the present invention will now be described, 
by way of example, with reference to the accompanying drawings, in which: 

Figure 1 is an end view of the generator; 
5 Figure 2 is a side view of the generator; 

Figures 3a) and 3b) are plan and perspective views respectively of an elongate ink 
cavity of the generator; 

Figures 4a) and 4b) illustrate respectively the ink cavity's minimum and maximum 
cross-sectional area; 
10 Figure 5 is a perspective view of a known elongate ink cavity; 

Figure 6 is a cross-section of the known ink cavity; 

Figure 7 illustrates, at each of a series of operating frequencies, contours of peak 
acoustic pressure within a plane extending along the known ink cavity; 

Figure 8 compares ink cavity peak acoustic pressure when using the known ink cavity 
15 of Figures 5 and 6 to that when usmg the ink cavity of Figures 3 and 4; and 

Figure 9 is a perspective view of an alternative ink cavity according to the present 
invention. 

Referring to Figures 1 and 2, the generator comprises a polyetheretherketone manifold 
1, and, push fitted therein, an actuator 3 and a nozzle carrier 5. Actuator 3 comprises a 
20 piezoelectric driver 9, a stainless steel head 1 1 and a brass backing member 6. Nozzle carrier 
5 comprises a stainless steel element 2 defining therein a *V' cross section channel, and, 
bonded to element 2, a stainless steel foil sheet 10. Sheet 10 contains a line of nozzle orifices 
7, and is so bonded to element 2 that this line runs along the length of the open apex of the * V 
cross section channel of element 2. 
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An elongate ink cavity 13 is defined by the lower face 15 of actuator 3 and interior 
faces 17, 19 of element 2 which define the *V' cross section channel of element 2. Actuator 
3 runs the length of cavity 13 and overlaps the ends and sides of cavity 13 at 31 and 33 
respectively, A narrow gap 20 is present on either side of head 1 1 of actuator 3 between it and 
manifold 1 . 'O' rings 2 1 seal against the further eggression of ink from cavity 1 3 and gaps 20. 
Thus, piezoelectric driver 9 is sealed from contact with the ink. Channels (not shown) are 
provided in manifold 1 and communicate with gaps 20 for the supply of ink to cavity 13 and 
the bleeding of air/ink from cavity 13. 

At the frequency of operation of the generator, actuator 3 has a vertical thickness 
resonance at which all points across the lower face 15 of actuator 3 vibrate vertically in phase 
and with the same amplitude, i.e. at which lower face 15 is driven in contact with the ink in 
cavity 13 in piston-like manner. 

Cavity 13 is shaped so as to provide a steady and essentially unidirectional flow of ink 
to nozzle orifices 7. The reducing surface area in the direction of wave travel (i.e. from lower 
face 15 of actuator 3 to nozzle orifices 7) causes an increased acoustic pressure at the apex of 
the *V' cross-section channel as compared to that at lower face 15. 

Referring now also to Figures 3 and 4, interior faces 17, 19 of element 2 undulate 
sinusoidally in synchronism thereby to produce a W cross-section body of ink 49 in cavity 13 
having correspondingly imdulating sides 5 1, 53, as shown in Figures 3 and 4. The undulation 
is greatest at the tops 55 of the sides 5 1, 53 and gradually reduces in the direction of the apex 
57 of the 'V to peter to zero thereat. The effect of the undulation is that the cross-sectional area 
of the elongate body of ink 49 varies cyclically along its length between minimum (Figure 4a)) 
and maximum (Figure 4b)) values. The varying cross-sectional area of ink cavity 13 will be 
discussed further below. 



wo 01/21406 PCT/GBOO/03644 

5 

At the frequency of operation of the generator of Figures 1 and 2, cavity 13 is non- 
resonant in the vertical direction, i.e. from lower face 15 of actuator 3 to line of nozzle orifices 
7. This facilitates a relaxation in the required accxiracy of the physical dimensions of the 
structural components of the generator. It also permits greater stray in operating parameters 
5 of the generator such as ink composition and temperature. 

It is to be appreciated that if cavity 13 were to be designed to be resonant in the vertical 
direction, then it would be necessary at operating frequency for an integer number of half 
wavelengths to fit precisely in this vertical direction between lower face 1 5 of actuator 3 and 
line of nozzle orifices 7. A pure standing wave, extending in the vertical direction, would then 
1 0 be established. Thus, the acoustic pressure along line of nozzle orifices 7 would be the same, 
with the desirable result that the jets emanating from the orifices would break up into ink 
droplets at the same predetermined distance from the orifices. Such an arrangement, although 
advantageous in that uniform jet break up is conveniently achieved, is disadvantageous in that 
it is highly sensitive to inaccuracy in the structural dimensions and operating parameters of the 
15 generator. 

Cavity 13 is also non-resonant along its length in operation of the generator. Thus, at 
operating frequency, an integer number of half wavelengths does not precisely fit into the 
length of cavity 13, and therefore a pure standing wave is not established which extends along 
cavity 13. Resonances along the length of cavity 13, so called resonance length modes, 
20 obviously occur at a series of frequencies. Thus, it is necessary that the generator be operated 
at a frequency that is between two successive length modes. It is to be understood that it would 
not be desirable to operate at a length mode frequency, since the acoustic pressure along line 
of nozzle orifices 7 would vary greatly. This variation would correspond to the nodes and 
antinodes of the established pure standing wave, and result in non-uniform jet break up. 
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Clearly, operation is ideally midway between two successive length modes. 

As aforesaid, cavity 13 is operated at a jfrequency between two length modes. A 
standing wave is established in cavity 13, but not a pure standing wave as mentioned 
previously. The standing wave established is a partial standing wave, and is the resultant wave 

5 generated by multiple reflections at the walls of cavity 13. There will be further below 
discussion of the operation of the ink cavity of Figures 3 and 4. 

Turning now to the known ink cavity of Figures 5 and 6, this ink cavity is the same as 
that shown in Figures 3 and 4 with the exception that its walls 61, 63 do not undulate but are 
flat and planar in form. Thus, the cross-sectional area of the known ink cavity does not vary 

10 but remains the same along its length. Figures 4a), 4b) and 6 are drawn to the same scale, 
thereby enabling comparison between the minimum and maximum cross-sectional areas of the 
body of ink 49 in cavity 13 and the cross-sectional area of the body of ink 65 in the known ink 
cavity. 

Acoustic pressure variation within the known ink cavity vAW now be considered at each 
15 of a number of operating frequencies. In Figure 7 each plot is of contours of peak acoustic 
pressure, at a given operating frequency, within plane A drawn in Figure 6, which plane 
extends into the paper in Figure 6. Considering the 88 kHz plot, the 'peaks' 71 along the line 
of nozzle orifices represent regions of high acoustic pressure, and the ^troughs' 73 between 
peaks 71 represent regions of low acoustic pressxu-e. It can be seen that the acoustic pressure 
20 along the nozzle orifices varies greatly, resulting in non-uniform jet break up. This is also so 
in the case of the plots at all other seven frequencies. Thus, satisfactory operation, i.e. uniform 
jet break up, is not achieved with the known ink cavity at the operating frequencies of Figure 
7. 

A length mode resonance occurs at 91 kHz. Thus, at 91 kHz a pure standing wave is 
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established in the ink cavity. At the other seven frequencies a partial standing wave is 
established. An important feature to note is that both above and below 91 kHz, the regions of 
high and low acoustic pressure occur at the same spatial positions along the line of nozzle 
orifices. Thus, at 88 and 90 kHz the highs and lows occur at the same spatial positions. 

5 Similarly, at 92, 94, 96, 98 and 100 kHz the highs and lows occur at the same positions. 
Provided a length mode resonance frequency is not crossed, the spatial position of the highs 
and lows remains constant. In fact, in any given interval between two successive length modes, 
the spatial locations of the highs and lows are determined by the acoustic pattern of one of 
these two length modes, since it is this pattern that degenerates to provide the highs and lows 

10 between the two length modes. With reference to the 91 kHz plot and the higher frequency 
plots, the nine 'white stripe* highs of the 91 kHz plot degenerate in the higher frequency plots 
into five highs at the bottom of the ink cavity and four at the top. 

Figures 8a) and 8c) are ink cavity peak acoustic pressure plots at generator operating 
frequency when using the known ink cavity of Figures 5 and 6 (Figure 8a)) and the ink cavity 

15 according to the present invention of Figures 3 and 4 (Figure 8c)). Figure 8b)) is a repeat of 
Figure 3a), and is drawn in line between Figures 8a) and 8c) to enable the relative positions 
of the acoustic pressure peaks and troughs of Figure 8a) to be compared to the undulations of 
the walls of the body of ink in Figure 8b). It cem be seen that interior faces 17, 19 of element 
2 of the generator are arranged to undulate so that body of ink 49 has a minimum cross- 

20 sectional area 8 1 whereat there is a region of low acoustic pressure 73, and a maximum cross- 
sectional area 83 whereat there is a region of high acoustic pressure 71. The effect of this is 
that the regions of high pressure are expanded to reduce the pressure thereat, and the regions 
of low pressure are constricted to increase the pressure thereat. The result is an evening-out 
of the acoustic pressure along the line of nozzle orifices as shown in Figure 8c), resulting in 
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the desired uniform jet break up. 

The alternative ink cavity according to the present invention shown in Figure 9 is the 
same as that shown in Figures 3 and 4 with the exception that the cavity has a rectangular 
cross-sectional area rather than triangular. The design principle is the same, i.e. the walls 91, 
5 93 of the cavity undulate sinusoidally in synchronism so that the cavity has a minimum 
rectangular cross-sectional area whereat there is a region of low acoustic pressure at the nozzle 
orifices, and has a maximum rectangular cross-sectional area whereat there is a region of high 
acoustic pressure. 

A further disadvantage with the acoustic pressure pattern shown in Figure 8a) is that 
10 it is not possible to select a single drive voltage for piezoelectric driver 9 at which all jets meet 
the condition that they are satellite droplet free. The reason for this is that a given drive voltage 
does not 'appear' to have the same value at all nozzle orifices, because of the variation in 
acoustic pressure along the nozzle orifices. Thus, it is possible to select a drive voltage to meet 
the satellite fi-ee condition for say all the nozzle orifices in regions of low acoustic pressure, 
15 but adjustment of this voltage to meet the satellite free condition for the nozzle orifices in 
regions of high acoustic pressure takes the voltage outside the range that meets the satellite 
free condition for the low acoustic pressure nozzle orifices. The evening-out of acoustic 
pressure at the nozzle orifices shown in Figure 8c) solves this problem. 

The generator described by way of example is operated at a frequency between two 
20 successive length modes. As pointed out previously, between two such modes the regions of 
high and low acoustic pressure do not change their spatial locations. Thus, provided operation 
is kept between the two modes, satisfactory operation will be achieved. Indeed, operation is 
only limited by the room between the two length modes, which, with a typical ink and a 50mm 
long cavity, would be about 10 kHz, This affords a very stable generator that is highly tolerant 
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of both inaccuracy in the structural dimensions of the generator, and stray in its operating 
parameters. 

In the generator described above by way of example, the drive signal applied to the 
piezoelectric driver is assumed sinusoidal, single frequency. This generates sinusoidal 
5 variations in the acoustic pressure distribution in the ink cavity, and necessitates that the 
compensating variation in the cross-sectional area of the cavity be sinusoidal in nature. The 
use of an alternative form of piezoelectric drive signal would therefore require a corresponding 
alternative form of shape profile for the cavity walls, the precise nature of this profile in any 
given case being determined so as to compensate for, i.e. even-out, variation in acoustic 
1 0 pressure along the line of nozzle orifices. 

A further advantage of the present invention is that unwanted acoustic variations 
caused by other sources can also be compensated for or negated as long as they are of a 
constant form. For example, an actuator can be used not operating in a perfect vertical 
thickness resonance, i.e. having some amplitude and/or phase variation in the vibration. This 
15 can be accounted for in the cavity shaping. The foregoing allows the use of longer transducers 
that are difficult to make without some lateral variation in vibration amplitude and phase. 

It is to be appreciated that the invention can be utilized in the context of a generator 
designed to operate with its cavity resonant in the vertical direction. If in such a generator the 
actuator is not operating in a perfect vertical thickness resonance as desired, the effect of this 
20 on the acoustic pressure distribution in the cavity can be compensated for by appropriate 
shaping of the cavity walls. 

In the droplet generator described above by way of example, the invention is utilised 
in operation between two length modes. It is to be appreciated that even at a length mode 
frequency, appropriate variation in the cross-sectional area of the ink cavity along its length 
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can be used to significantly *flatten-out' acoustic pressure variation along the cavity. 

In the above description there is present in a uniform cross-section ink cavity a standing 
wave the form of which is not as desired. This form is then tailored to improve it by varying 
the cross-sectional area of the cavity. In the description the tailoring is such as to achieve 
uniform jet break up. It can be imagined that the tailoring need not necessarily be such as to 
achieve uniform jet break up, but need simply be such as to achieve a desired jet break up 
profile along the line of nozzle orifices. 
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CLAIMS: 

1 . A droplet generator for a continuous stream ink jet print head comprising: an elongate 
cavity (13) for containing the ink; nozzle orifices (7) in a wall (10) of said cavity (13) for 
passing ink from the cavity (13) to form jets, said nozzle orifices (7) extending along the 

5 length of said cavity (13); and actuator means (3) disposed on the opposite side of said cavity 
(13) to said wall (10) for vibrating the ink in said cavity (13) such that each said jet breaks up 
into ink droplets, in operation of said generator a standing wave being present in the ink in said 
cavity (13), characterised in that the cross-sectional area of said cavity (13) varies along its 
length in a manner so as to tailor the form of said standing wave in the cavity (13) such that 

1 0 each said jet breaks up into ink droplets at a respective predetermined distance from said wall 
(10) of the cavity (13). 

2. A generator according to claim 1 wherein the tailoring of the form of said standing 
wave is such that each said jet breaks up into ink droplets at substantially the same 
predetermined distance from said wall (10) of the cavity (13). 

15 3. A generator according to claim 2 wherein the cross-sectional area of the cavity (13) 
varies cyclically along its length between minimum (8 1 ) and maximum (83) values, said cross- 
sectional area having a minimum value (81) whereat said standing wave has a region of low 
acoustic pressure at the nozzle orifices (7), said cross-sectional area having a maximum value 
(83) whereat said standing wave has a region of high acoustic pressure at the nozzle orifices 

20 (7). 

4. A generator according to claim 3 wherein said cross-sectional area varies sinusoidally 
along its length (Figs. 3, 4 and 9). 

5. A generator according to claim 2 or claim 3 or claim 4 wherein said cavity (13) has a 
generally triangular cross-section (Figs. 3 and 4). 
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6. A generator according to claim 2 or claim 3 or claim 4 wherein said cavity (13) has a 
generally rectangular cross-section (Fig. 9). 

7. A method of operating a generator according to any one of claims 2 to 6 wherein the 
parameters of the operation of the generator are permitted to stray such that said cavity (13) 

5 operates over a range extending substantially all the way between two successive resonances 
in the length of die cavity (13). 

8. A method according to claim 7 wherein said parameters of the operation permitted to 
stray are ink composition and temperature. 

9. A method of operating a generator according to any one of claims 2 to 6 wherein said 
1 0 cavity (13) operates at substantially midway between two successive resonances in the length 

of the cavity (13). 
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(57) Abstract: A droplet generator for a continuous stream ink jet print head comprising : an elongate cavity (13) for containing 
the ink; nozzle orifices (7) in a wall (10) of said cavity (13) for passing ink from the cavity (13) to form jets, said nozzle orifices 
(7) extending along the length of said cavity (13); and actuator means (3) disposed on the opposite side of said cavity (13) to said 
wall (10) for vibrating the ink in said cavity (13) such that each said jet breaks up into ink droplets, in operation of said generator 
a standing wave being present in flie ink in said cavity (13), characterised in that the cross-sectional area of said cavity (13) varies 
along its length in a manner so as to tailor the form of said standing wave in the cavity (13) such that each said jet breaks up into ink 
droplets at a respective predetermined distance from said wall (10) of the cavity (13), 
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